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The present study revealed the post spray increase in particle mass concentration of fipronil in ambient air near the 
application site viz. PM1, PM2.5 and PM10 were about 51.2, 66.1 and 161.9 μg/m
3, respectively. The ambient particle size 
distribution of pesticide at agricultural application site of 15 m2 with varying nozzle size diameters followed with Optical 
Particle Counter (OPC) detection showed finer particles ranging from 0.23 to 40 μm got deposited significantly in the 
human pulmonary region. 
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Introduction 
Tremendous pesticide usage with different groups 
of chemicals, such as Fipronil belonging to the 
phenylpyrazole chemical family1,2, showed selective 
protection against insects in rice, cotton, cabbage, 
sugarcane, chilli, and grapes. Fipronil is ranked  
Class II hazardous pesticide and as “possible human 
carcinogen” USEPA.2 The present investigation  
is mainly on the particle deposition fraction in the 
human respiratory tract and its variation with size of 
particulate matter. 
 
Materials and Methods 
The continuous monitoring of ambient air 
particulate matter before and after spraying of 
pesticide for the three agricultural plot each of 15 m2 
with varying nozzle diameters were done on 13th and 
14th August, 2015 at IPFT. Fipronil was sprayed on 3 
different plots using 3 different nozzles (Table 1). 
OPC (Optical Particle Counter) was used for monitoring 
particulate matter which gives mass concentration 
from size ranging 0.23–20 μm. It was placed just 
outside the agricultural plot in the downwind direction 
at a height of 2.5–3 ft. Samples were collected over a 
period of 4 hours: 1 hour before spraying to get 
background concentration and particle size distribution 
and 3-hour post spraying to see the change in particle 
size distribution and mass concentration. 
Particulate matter deposition fraction in the human 
respiratory system was calculated by the Multiple 
Path Particle Dosimetry model (MPPD 2.11) which 
was developed by the Chemical Industry Institute of 
Toxicology (CIIT, USA).3,4 This model can calculate 
the deposition efficiencies for particle deposition and 
clearance by diffusion, sedimentation, and impaction 
within airway bifurcations. For modeling purposes, 
the respiratory tract is divided into different anatomical 
regions: head airway region, tracheobronchial (TB) 
region, and pulmonary (P) region. The particles 
deposition fractions for each region of the respiratory 
tract are evaluated after considering the filtering  
effect of the earlier airways.4 The MPPD model is a 
very trusted model in the field of airway particle 
dosimetry and many papers have reviewed the  
use and validation of model applications.5–7 A detailed 
description of this model can be referred from 
previous studies.3–7 
 
Results and Discussion 
The results of particulate matter mass of different 
sizes for 3 different nozzle sizes, before and after 
spraying are mentioned in Table 2. It can be seen that 
PM mass concentrations increased after spraying of 
pesticides in the farm plots. The average PM1, PM2.5 
and PM10 mass concentration after spraying were 
found to be 51.2, 66.1 and 161.9 μg/m3 respectively. 
The mass concentration ratio for PM1 to PM10 after 
spraying varied from 25 to 36 %, for PM2.5 to PM10 
from 34 to 45 % and for PM1 to PM10 from 74 to 
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80%. The most significant change in these ratios is 
observed for Nozzle 3. Particle size distribution based 
on average mass concentration before and after 
spraying revealed that there is significant increase in 
concentrations of finer particles size bins mass 
concentration. Two particle size groups are present in 
significant concentration including the finer particle 
size from 0.23–0.4 μm and coarser particle size  
from 5–10 μm after spraying. The particulate mass 
concentration was found high in case of Nozzle  
3 (Flooding Tips: Royal blue Press p.s.i -15 psi) after 
spray whereas nozzle 2 shows a moderate increase in 
mass concentration after the spray. The calculations 
of particle deposition are performed in Yeh/Schum 
symmetric models8 of the human lung. The input 
parameters of the MPPD model included: upper 
respiratory tract volume (URT volume, mL), 
functional residual capacity (FRC, mL), tidal volume 
(TV, mL) and breathing frequency (BF, min-1) and the 
particle size distribution characteristics. Calculations 
have been performed by considering adult male 
engaged in light activity with URT, FRC, TV and  
BF as 50 mL, 2418 mL, 1250 mL and 20 min-1 
respectively.5,7 Particle concentrations observed post 
spray application (Table 3) have been used for 
calculations in the model. It can be observed that 
deposition fraction increased in the head region with 
the increase in particle size which can be due to a 
combination of sedimentation and the impaction of 
particles onto the larynx and airway bifurcations.4 
Particle dose accumulated in the respiratory tract 
found proportional to particle mass concentration  
and deposition fraction as finer particle ranging  
from 0.23–40 μm got deposited significantly in the 
pulmonary region which may cause adverse health 
impacts to the farm workers as the retention time of 
finer particles are higher in pulmonary region. Since 
in our modelling most of the PM mass is deposited in 
the head region, diseases like rhinitis, pharyngitis or 
sinusitis may have higher probability of occurrence. 
 
Conclusions 
Variation in particle distribution and particle ratio 
in ambient air post spray application seems to vary 
differently for different nozzle types. The average 
percentage increase in particle concentration was  
>25 %, for all particle sizes and maximum for PM10  
(39 %). Further particle size distribution results 
showed prominence of two particle size groups:  
Table 1 — Nozzle specifications 
Nozzle no. Name Specifications 
Nozzle 1 LPO6 (LURMARK) Flat Fan nozzles – Lime green FLP 110 
2.23 L/Min@1 BAR; 330 L/Ha @ 8 KM/H, BCPC TIP code –2.23/1; 80 IMP FL OZ 
PER MIN @15 PSI; 30.0 IMP GPA@5 MPH;0.6 US GALS PER @15PSI; 35.6 US 
GPA@5MPH 
Nozzle 2 LPO3 (LURMARK) Flat Fan nozzles –Red 1.12 L/Min @1 BAR; 168 L/Ha @ 8 KM/H, BCPC TIP code –
FLP 110 1.12/1 ;40 IMP FL OZ PER MIN @15 PSI; 15.0 IMP GPA@5 MPH;0.3 US 
GALS PER @15PSI; 17.8 US GPA@5MPH 
Nozzle 3 AN-5 (LURMARK) Flooding Tips : Royal blue Press p.s.i -15 psi;U.S G.P.A 4 MPH- 34.6,5 MPH-27.9; 
Press Bar 1.5;Metric l.p.h: 6kph -283,8 kph -212  
Press p.s.i -30 psi;U.S G.P.A 33, 5 MPH- 26.4, Press Bar 2.5;Metric l.p.h: 6kph -365,8 
kph -274 
 
Table 2 — Summary of Particulate matter mass concentration (μg/m3) 
 PM1 PM2.5 PM10 PM1/ PM10 PM2.5/ PM10  
Plot 1 - Nozzle 1 
Before spraying  36.9 46.5 93.5 0.39 0.5 
After spraying  43.9 54.8 123.1 0.36 0.45 
Plot 2 - Nozzle 2 
Before spraying  35.6 45.5 106.9 0.33 0.42 
After spraying  46.6 62.9 184.9 0.25 0.34 
Plot 3 - Nozzle 3 
Before spraying  46.2 64.1 157.8 0.29 0.41 
After spraying  63.1 80.8 177.8 0.35 0.45 
 
Table 3 — Percentage increase in particle mass concentration 
post spraying 
Percentage increase PM1 PM2.5 PM10 
Plot 1 (Nozzle 1) 18.9 17.8 31.6 
Plot 2 (Nozzle 2) 30.8 38.2 72.9 
Plot 3 (Nozzle 3) 36.5 26.0 12.6 
 




one in finer particle (0.23–0.4 μm) and other in 
coarser particle size (5–10 μm). Further lung 
deposition model confirmed that deposition fraction 
increased in the head region and decreased in  
the trachea bronchial and pulmonary regions with  
the increase in particle size. The dose deposition  
at pulmonary region for the finer particle (0.23–0.4 
μm) size is significant after spraying of pesticides.  
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